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ECONOMIC INTELLIGENCE COMMITTER
SUBCOMMITTEE (! TRANSPORTATION

. MEPORT F THE |
WORKING GROUP FOR THE STUDY OF RAIL LINE CAPACITY
70 THE SUBCOMMITIEE ON TRANSPORTATION

15 Beptesker 1955

I. Introgucticm.

The purpose of this paper is to proscmt a withedology for compuvang the
through Treight-carrying capablility of reailrcads wnder moraal eivilise opera-
tions over & long peried of time suck 83 & year or move. The formalne givem
bere are an stiempt to imelude all the mjor elements invo;.vednline
capadbility caleniation. In view of the lack of imtelligence cp some of hese
factors for certain imdividual limes, tzbkles and other mfmﬁm BXE Pre-
ssnted whieh indicate gemeral rangss for mny of the Zeeters so‘thst, in the
absemce of daste om one faetor, the avalyst canm eboose an esiizated Dlgure which
ie of approxivately the proper wegaitude for the type of line under considers~
tiom.

Liwits cn the capability of a lime for through freight movement 2oy be get
by one or wore of the Tollowinmg: (1) capedility of the lime itsels; (2} espabl -
11ty of torminal esd yard fecilities; (3) eapability of available rollimg steck

or motive power, (4) musber and/or capability of the employees. It is assumed

* The term capacity, as used in this stuly, is defined ug the theovetic
meximm perforsance which could begtiained by a given fazility, provided all
other comtributing factors (such as lecomotives, rollimg steck, line and
terminal facilities, Persommel, weather, ste.) could be inmtmoducad into the
systen %o an optimum degree. The texm capability, as used in thig study, is
defined as the maximum performanee whieh a lize, faclility or systom cam
sseomplish vhen the limitatioms of all sontyibuting factors are comsidersd.
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{See Basic Assumptioms in II A bslow) that adequate mumbers of qualified psr-
sonnel are available, snd therefore no methodology for this factor is included
in this report. The effect on capability of the first three items is considered
separately, and should be computed separately for each line. The rosults of
these computations should then ‘ba compared, and whichever figure is lowest must
be use;l as the through capability of the line.

ROTE: It is imperative that published figures on rail line capability
include a statement of all the basi_c asaﬁnptiona underlying the astimate. This
is essentlial bescause major differences in capability estimates may result ﬁom
differences in tasic assumptions, evenm when the sume fo.rmulas are “éeda

II. lMethodology for Computing Thyough Capability of Railroad Lines

The through capability of a railroad line is pormally expressed in terms
of number of trains each way per day (IWPD) and the average net load of freight
carried per train. This through capebility is obtained by calculating the
eapability of the line itself, its yards, and its locomotive reggir facilities

and adopting the lowest of the thiee capebility estimates.

A. Basic Assumptions for Computing Line Capability
The determination of line capability, utiliszing the methodeclogy
presented below, is predicated on the following basic assumptions:

1) Adequate munbers of irsight cars and locomotives are available
{unless indicated otherwise by a computation of freight car and
locomotives requirements).

2) Adequate numbers of qualified personnel are available.

~2u
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3}  Tyains will met bo busched ox "fleeted.”

L) We priozity by cless will bo given ¢o eny wovement {i.e.,
mesunger tyains, 1f eperated, will travel by Treight train anceds;
speed will generally be limited by ithe everage specd of the peaviest

t¥a‘ns run).
3. Notholology for Computing Meximys Treln Demolty!
1. Simgle Track Idnes

Use of the followismg formula 1z rwmwﬁ for sobimating the
gaxieon train &cmﬁ.tﬁ ef a single traek milrm&i lize im terme of tralmp EWED
{omek way ﬁex‘ dny). This fovemls is imterded 4o give the line capability sely
petvresn salor termimals. lethodologies for computing the capability of yevrd sad
loesmotive soyvicing feeilitles ewe shuvs bolow, ewd the espubility estivetes
derivod Tren the applicaticn of these wrthodologies should be cenpayed with the
ling gm;ea?ailii;y cotimate to dotermine wheiher through capebility moy be limited
By yards of lecomotive sexvicing fecilities. The lowert of the three cagebilitios

chouldd bo adopted as the limo capebility for through treffic.

BWID w 1f2 é’ﬁ'?’l’%a"%

Where: BND - meximus single drack tvain depsity, in tyaims each way per dey.
- e term "trains ench way mser day’ ropvescats sovemeub in oce
direction; the sewme figure 15 aloo ajpplimble for movesent In

the epposite diveetion et the same tlme.

1/2 = factor for redusing tro-direetiesal operation to ome dircetlomal.

Tne Yorking Croup conpideored poverzl availeble formdas for compuilng meximm
train denaity of railreed lipes, and condweted am exhausiive otudy of eash of

the elowsnts im these formulazs. The formmla reccmended by the Werkimg Gmupz
repyesents on integration of the best elowents of the fermlss studied. pre- 5X1
zonted fn & Torm whick, i% is hoped, i bolh sivple ewd self-sxplamatory.
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k0
RT

uinutes ger 2b-hour day.

L

vumning tiee betveon sidings im mimutes. Inm this formula, the
nmyat should use ‘t.ﬁe‘ ‘;mest average ruoning time vhich can
be fousd hetmoon ay tvo aidings o the lime for vhich thie
eouputotion is being wnde. 'Vnumimg time may be chiained by
dividing dintaree %M&a sidings by the wveruge rusning spoed
{evormge spesd from ba‘t‘nrt tc stop). Whem rumsisg time is
ealeulatod by this method, the result will be im tevms of parts
of an hour (mh es 0.32 hours), whiech mupt be comverted to
mimutes by iﬁlﬁwlyiw by 60, since ET must be expressed im
minutes. When RT i3 oblalned by this wethod the linmiting
block will be the loemgest blosk.

2 =2 delay time, vaiting tpg- the opposing traie, iz mimutes.

DT = 1/2 RT. Tols time 13 assumed to be cme-belf the runming
tize belween Qi&inga ’t_gecmuge while the copposimg traim will et
tizes be waiting ot & siding, and at other times will still bo
at the next asidma, on the ’&Vem under meximm operation it
will be m&wuy,bgwe@m yeesing siding and the mext siding
{tbis time is iutended to imclude Jelays caused by hot boxes
and other nechanical fai].mn). |

there average ruanisg ogeeds &ye ot availnﬁle to poerzit ealeulatios of RT and of

DT, 1% do roccmrended that the apeeég ahemm in the tabulation bel?w be uged.®

Whon wore than oo ez-.ttm*ipq i imowa for a line, the avorngs smd chom’uhmm

te o Jowest indicated by a‘:a;r‘oms of tho cnm. These spoeds are averages

vedtreen divisien 1olais, and konee ineluﬂe all mtsmdmte siops for pessing.

(In the cnlculedfon of line capelility, 2o eomsideration is givem to dalay time in

verds ). %hon the seleeted aﬁm& ic divided into the lomgest eigral-to-sigeal distamge,

In the formule wecomacnded, the offvct of winter corditions, floods, sceidents,
and humen error gyo imelufed {n the average freight train gpecdz. The effect
ef ?!iu‘;;ef conditions om met freight treim loeds and oa locomotive and fraight
ol roguirenents are considered below. (Sect 1. D. Trals
T e (section II. D. b, Net Freight :
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the total of BT plus DT will be found. The ryaultwﬂlbeintemsofp#rtsofm
hour, which should be converted to mimites by multiplying by 60.

Condition of Track  Type of Control  iaximum Grade (in &) Averaﬁ Sged %

—‘i-n 4 ¢
Txceptionally good  Automatic bloek  up to 1.0 9 1h.5
Good to fair Automatic block 1.0 « 1.5 8 12,9
Falr to poor Automatio or 1.5 - 2,5 7 1.3
mamial block
Poor Avtomatic or 2.5 = 3.0 6 9.6
manual block

These speeds include the average effects of umusual delays resulting fraa human
error, wrecis, floods, and snowstorms. These speeds can be used as a check on
results obtained when RT and DT can be deterained from availzble infornation.

2. Double Prack lincs
Because double track lines penerally bave a copability considerably in

excess of teruinal and yard facilities it is necessary to calculate the capability
of terminal and yard facilities on the line. Ti'xe louer of these two figures should
then be used as the double track line capability figuve. ¢ (See Anmex II for
Pormulas which may be used for double track capacity).

C. Deductions from Line Ca)pability to Obtain Capability for Through Fre;g_;:b_
Trarlic

The capability qf a line is the maximum total mumber of trains which can
be handled over that line. However, to detemiine capability of a lime for through
freight train movenents, it is necessary to deduct the following: (1) Trains carry-
ing supplies for the operation and maintenance of the line, including fuel, rails,
ties, and ballast. Although maintenance of a railroad line can be neglected for
short periods of time, it is necessary to have contimous maintenance if a line is
to be operated at its capability for a long period, as for a year or longer; (2)
Work trains, snow plows, wrecking trains. These trains ‘occupy the track, and may
dieplace through trains; (3) iiinimm essential passenger traffic for civilian and
military wmovements (l) Requirements of the econonic snd of military forces along
the line, other than at its teminal.

# For electrified lines, add 2 m.psh. (3.2 ka/hr.) to this speed.

#s . Tt is assuied that winter conditions will not reduce the capability of doubls
track lines in temms of trains BWPD. The effect of winter conditions on net
freight train loads and on locomotive and freight car reguireients are con-
sidered below. : :

w5

enfimnSafniinie
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D. Methodslogy for Computimg Fet Toswage per Freight Traim Usder Mexiwum
Operstien

To cbtein mot Lreight traie tomeage, it iz first mecessary to esgute
the maximom gress freight traim lommege whieh vwill be permitted by each of the
fellewing fastors: o) The locomotive or locoumotives used; b) The shortest yessing
siding im use on the lise; ¢) The strength of dvavber ussd on frefght cars. The
ssallegt of tke thres estimates maulting frem these computatiens rhould be
adoptod as the maximum gress froight tm;l.n tonpage under capacity eperation.

l. Maximm Groes Preight Truis Tommage

&. Forauls for Calculatier of Gress railiag Load

Grozs trailing lead, which is the meximms weight a locomctive
is eapable of pulling bokind it umder givem cemditiomn, iz suleulsted by the
follewing forwula. This form:ls applies to all typen of lecomotives (stoem,

diesel-eleetric, and eleetric).

= )
-W 0.8
? o {Tr+Gr ) vl
Where: P » gross tommsge pulled by the lecomotive, im shert tems {teo
“ comvert te metric tems, wvltiply P by 0.907).

TE = locomotive traetive cffort, at the rail, in poumds. I7 tractive
effort is givea at the ¢yliamder, reduce te 80 percemt to obtaim
tractive effort et the ruil. If traetive effort is mct givem,
see fermula below (Seetiom II. D. 1. e., Locomotive Tractive
Effort), for caleulatimg traciive effert. Traetive effort

Approved For Release 2005/05/16 : CIA-RDP79T01149A000500160001-4
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varies vith tranin speed as Jollowa:

ed Pereent of Bated
u.p.8. ka./hr. Tenctive Bfford

0-10 0-16.1 100
12 19.3 93
16 25.8 95
20 32.2 90

2k 38.6 83

Tr « trein resistasee (fais facter i8 4.2 pousds per tom at 10 mph
asd 6.0 youpds per tom &t 20 uph; use R0 peunde pox ton for
starting). ‘

Gr » grale reslstewee celeuinted by walidplyleg ruling grade® im pere
cent By &.2 peurds per tem at 10 uph or £.0 pounds per tem at
20 =gl .

W« weight of locometive amd temder (in workiag order) in shori toms.

0.8 « efficiemy facter to acctumt Por lose lm effieienny usder sobual

opexation.

Wher epleulating the meximum grwss tensage a levemotive is
capable of heulimg, cewputsticns must be unde for two alternsiives, (L) Ability
of the locemsiive te start the lemd, bused oz locomotive trmelive effort at
storting amd (2) Ability to pull the lead vver ihe vulisg grade, based on

lescustive tinetive effert at 16 uph.®t The lewer of these tomesge Tigures ig

& Rulizg grade is that grade om o seetica of Line whieck limits tredw tommsge.
Tee stospest grude oz o lize wey met be itke rauling grade it it iz shers; or
osccurs imwediately after & steep demn-bill grade which pormits & train to
ala movembue. .

= The eharucterisiies of ihe average lotomstive ure such ithat ite greatest per-
forammee is reached at speeds of frem 10 to 20 wph, the maxisus keing reached
at about 16 ggh. At & speed of 10 upb 2 stean locomotie casw pull & heaview
traim thae it ean ot 16 wph; however, at 10 mph the line sapemeity in trabuas
EWPD 19 less than it is at 16 wph, due to the longer rumuing time betwoss
sidimgs. Hemce, whon at 10 uph lhe heavier trale tommage iz mitiplied by the
sualler aumver of trains, the regultawt figure of gross tome EWED ls swsllier
thas the figure derived at 16 uph.

-l -
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the liaiting factor sud thus bocomes the grese tommagd vwhick the locomotive 1a
capable of handling over a given lire.
b. Determimatiocn of Average Freight Josometive
there duta are available oz the clasess wa/Qr types of
freight loccmotives im use o2 a sp2eific lime, weighted average tractive favce of
thege freight locemotives cam be determined. I suek date zre not available, a
Judzment will bave to be made concerniag the averege trastive foree of frelghh
locomatives, bescd om avallable imformation swel as dota o the meiicwal freight

locametive park.

c. lacemotive Tractive Rffort

i. Btess tives
Tractive effort, which is the weasure of pullinmg power
of & locomotive, normally expressed iwm pounde wmy e emnwd by severnl forsulias,
eaek ntilizing verious spyecifieations of the locomotive. Where weet:xﬁte‘ estinntes

of leecomotive trustive effort erc desired; amd ithe imformatiom is svallable, the

follewing foraule sy be ewployed:

] !Ixrsxda xa§_
™ = 2 D

Where: T8 = Tractive effort, at the ruil, im poumds (4o comvert to kilegrums,
miltiply T® By O.hS54).
] = Nuber of lotomotive eyliiaders.
= Factor to reduce to two cylimder uemit.
X = Counstaut, based on crror and percent of cutoff, as follows.
Wiere data are aot availadle on the figure o be used, it is

-8 -

EerveIngufen
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recomended thatl the value u.f' K be assvmed to be .80,

Yalue of K
Main Velve, With Avx. Porte,
 Withcut Aux, Porte % Mie. Cutoff
Perceat

90 .85 -

80 ‘& «BO

TC Th T8

60 .68 =TT

50 .60 TS

Cutoff is the cuttimg off of emiry of steam imto the cyliader
before the streke is completed, whick permits stean expansion
to cemplete the stroke. It represeats the pavcentige of stroke
threugh vhich stean is persitted to emter the cyliader.

Stesam pressure in veunds per square imch,

Diometer of cylinders {(kigh pressure or simgle) in imches.
length of styroke of the plstem im imches.

u.mha

» Dinmeter of drivers ia inekes.
Where data are limited, or a elsge appreximation of
txactive effort will suffice, the following formuls far éetoredring tractive
‘effort at starting is recewmended:
w
™ . K
Where: TR & trmetive effort at the rall, im powsdes (to comvert to kilograes,
sltiply I8 by O.h5k).
W = weight on drivers. If this figure 1z mot availsble, but total

veight of locemotive and its whael arrwngensat ave kmown, ¥ may
b calaulated frem the fellowing table:

Approved For Release 2005/05/16 : CIA-RDP79T01149A000500160001-4
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Wheal Arvamgement Percesmtage of Wheel Arramgement Percentasy of

of Locemotive _  Weight of Drivers  of Iocometive Velght on Drivers
040 120 2.8.0 73
2-k-0 80 2-8-b 61
2-b.a 57 4.8.0 80
b 81 8- &7
060 10C R = 57
0-6-2 T 0-10-0 100
26-0 86 0-10-2 33
2-6-¢ 87 0-10-k T
L-6-0 15 2.10-0 o)
h6-2 60 2-10-2 T7
0-8-0 100 2-10-4 &7
0-8-2 80 4-10-0 a3
0-8-4 67 §.10-2 12
2-8-0 8o §-20-4 =]

To determine weight o drivers for wheel arrengencnts not sherm,

appretineticns may be made from the above tebulsation.
B o Coefficient of frictics.

Wisere data suly oa heatimg surfece are avallable, traetive

effort can be eompsted frea formmlas found ir standexd smtesw loconotive t@rteooks.
i. trie tives

e tractive effort of a diesel-eleetric locomative, walile
that of the zloctric lecemetive whieh las practically walimdted power wvalle®ility,
i3 limited by the horsepcwer of the diesel prims mover. m&aseJ.Wbmu
esrtain horsepowes ntiutmvueh the tractive effort at any apeed cae be
odtained by use of the follewiag formulm:

™= .!"'s‘m:o.B

Waere: ™ o trective cffort in peusds {(to comvert te kilagrens, maltiply T8
vy 0.45h).
By = derscpower reting

375 conversien fastor ebiaired im cemvertisg hoymegewer to feot pouwsde

yor hour (60 x 33,000) asd miles per hour to feet pvr bour {5280).

Approved For Release 2005/05/16 : CIA-RDP79T01149A000500160001-4
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0.8 = efficiemcy faster, for current sad trammmissics losses.

v » speed in miles por hovr.
Waenever pessible, diesel-elaciric lecowmotive tractive eflort chould be chiefnad
frem rating curves furnished by the mamufucturer.

| . Diesel-electric locomotives are usually designed for
factors of adhesica of 3.5 or less; wé»efm, the follewing formnls cas be ueed
a3 ai approximation. Thic ayproximatior is for gmrhimwm; operwtion at speeds

¢ef frow 5 to 10 myh.

W

Bs? .5

Were: TR « trwetive offort, im pounds (to cowvert to kilogruse, wultiply
T by facter of 0.454).
W = weight ez drivers, ia yuusds.
3.5 « factor of adkesioa.

111. Blastric Ieeogotives
;b M'n effert for em electrie locomotdve 1o gowermed
by the amoust of pewer mued %6 the motor amd by the copability f the neter
itesls. It is obtaived hy‘eqlums work dome at thr pim of the driving wheels to
the vork preduced by m wetoy torjue ia m reveluties 27 the drivirg vhesls.
The followisg foymuls gim hourly trective effort, vhich is equivalent %o

starting traciive effert.

x2% xGxAxY
7T . LT-—-——- =

Where: ] s trective effort im pousds (Yo coumert to hilograzs, waliiply
TE vy 0.Sk). |
Px 2k « torque of & aiwgle wokor in youwsds {Lurgue Lo tekew ni a l-foot
redius frem the wotor srmeture olals cuntur, ) ylacw it on
the cirewmferepee of & cirele b feelias {u Aimweter.

L
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G n maker of teeth iz the goar.
} w gear efficiezcy. Wken isterxedliste gesxlag iz used this equals

96 te 9T¢; whem 2o imtermediate gerrimg iz used, G/g x gear
efficienty o \mity.
» muber of wotors.
D » driving vheol Alamester.
8 v mabey of jeeth in the pision goar.

There 1s & defimite rslstion betwsem torgue, curvemt,
voltage, aud opeed. These yoiatiens are avnilable in o series of charseteristic
curves fuxniskad for osclh type of molor by the meaufacturer. These curves are
usunlly based o subotation voltage. Becauss of trmasmission losges, it is
recommended that trolley voltage se takem as 90 percemt of the substation voliage,
thus redueing the terque on the sasulacturer’'s curve o 90 parcest.

Weiere datame limited, or & clese sppreximaticm of
tractive effert will auffice, the foilowipg formuls fexr determising tracilive

effort of an electrie locometive at siarting. is recommwaded:
% = %

Where: T8 « irsciive effort i pounds {to ccsvert to kilograms, miiiply TE
by O.ksh). '
¥ o adhesive weight in pounds.
A s factor of adhenien. Soe text beloy foxr figures to he used.

Toie formule Joovidss ax approximation waly, sad is neot accurwte eliber for bourly
or camtinueus tractive effert. This approximsiicosn ie for contizweus operatices at

.mo:m5ww@.

R
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Torguee and trective effort imeresse with power in;mt; but,
although the power supply is, for peaciical purposes, urlimited, there are two
important nﬁmtim on the trvactive offort. 1) If the powes excowds @e
factor of sdbzsion, thea slippege oscurs between the drivers amd the wuil.
Blectrie locomotives are generally desigmed for tnc*barﬁ of adhesien frem b.3 to 2.8.
A factor of 3 for U3 locemotives amd b for Europsen lotcmotives cen zemscesbly be
usad Zor estimeting yurposes. 2) The heating of wetors at full load amd high
current value. The beating doos not ocet;r at once; therefore, it is permissable
to emrbd the motorz for a limited pericd. Usually two fzective eflfcrt ralings
sre spcei:ﬂ.@a,l the contimuous awd the bourly. It is dangercus to use the hourly
rating for eapadility computetions unless the situstiens of the ruling gredes are
mowm . mmawem@mmuhmceorminmmum
the motorz to cool are fmportaut fmcters im the use of the hmr;-ly tigure.
4. ect_of Use of le Pover
ﬁo or more locosotives may be wsed ca sections of o reilroad
1ime vhen tho gross tomwge of through trains would be sigeifieantly refuced on
a desigaated sbort helper secticm if omly cme locomotive were umed.
1. gtesw locesotives
Tospage over the ruling grade shuumld be ecmputed for
one lesomotive, amd, 1f 1t is found thet the rulimg grede is far {a eveess of
any other grede on the Lime, then the euployment of tve or mere lesouotives

sbould ba ¢ousidered provided maunm to service the wmotive power aze available.

“13 -
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Towsage will then be determined over the mm wost aifficult grade, employing
one loeomotive. As an exnmple, a locomotive can pull omdy opprevimately half as
wmich tcomage over a 1.25 percent grade as it ean over a 0.5 percent grade. I
u.uuhucnl:;mmdn,urpmps‘arnmdmintmmm,ofl.ﬁ
poreent, doubleheading lhould be censifored ever those grades. Doublehending
on 0.5 percent grades on other sections of the lime weuld therefore be a waste
of wotive pewsr. I, however, s grade of 1.25 percent wus commen throughout,
this grade should become the yulisg grede for a sisgle loccuwotive, and thuse
determine tbe maximus {cmnage throughout the lime.

Under favorable coaditions, the use of tao leccmotives
(doublehesding or use of a pusher) will affect es imevesnse ir traiw” tonsage of
approximately 80 percent compared withs the train tommage whem ame loeomotive is
used. However, a detailed avalysis should be wade for »uling grades and cautiom
must be exercised in using this factor.

Usdey ceriain circumstances it o 4 be dssireble to
deuble-head trains over lomg sectiows of line where there is no single shert
raling grede. Tae feasibility of such almm; as l‘mnas of cbtaining & high
Bet toemage per traia depends upom 1) the availebility of sidings and yard tracke
of sufficient lemgth o bold a double besded, train, and 2) the capability of
yord and loecumotive servicing facilities to bandle the iueresssd nmwrr‘ of caxs
and locemotives.

i1.. el i Eleetric loccmotives

When tvo or more diesol-electric or electric locomotives

-m-
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sre amployed to haul traims, the weximm gross tyalir tommage figure for one loco-
motive can be wmuliiplied by the number of units ewployed.
2. Kffect of of Si

In dsteraining gross trailimg lced, cemsideration wmuat be givenm to
the length of sidings or passing tracks, since their lemgth oftem lisits the
leuth‘ot traivs, and consequently the tommage of treims. Certain avallable
loccustives way be able to handle gross train losds of 2,000 tms on a givem line,
but 1f the length of the sidings vill accomodate traims of cnly 1,500 tems gross
load, tomnage will be limited by those sidings to 1,500 toms. |

Trois length may be calculated as follows: 1) Determime the
approximate part of the gross train tommage repesented by empty caxs. Thie is
obiained Ly multiplying the percentage of empty cars in & traim by the ratio be-
treen average tare weight of car and average gross tormags per loaded cer (average
mnmatplu”mmammnrmasam),mmupmngmmmmhy
the groos train touneye. The figure used for psrcentsge of empty cars in a
treiu should reflect the actual types of treffic which will be movisg im emch
direction when the line 1s bedug cperaied at its full capebility. For example,
npmmiaumcmwmwumaemtﬁeofhmmtﬂcmm
direction, 1tmheexpachdtbatumstaummkm0m1“mmﬁrm
the opresite direction, and that the percentage of empty cars per train in that
directica will be xelatively mn The figure for averags net tonmage per
loaded car should also include the crrecta. of sctual txaffic vhich will =move,

because load per car of military vehicles may be very low, vhile lcad per car

-15 -
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of conl may be very high. 2) Divide tvre toted tewsage of emphy cars by the avemmge
tare wvaight per car. This glves avernge toosage of aply cors By the aversge tare
veight, per car. This gives ausber of omply ears iu the tywin. 3} Sustwses the
tonnege represented by empily cars Iyom the gross tyain tommage . The remminder is
that pert of gross train tommage represemted by loeded carc. 4) Divide the totel
gross tonzsge represamted iy loaded esrs by the average gross tosnage per loaded
car. This glves the avernge sumber of losded cars ip the srala. 5) AdE the muber
of empty and loeded cars to cbtain totsl cars is the train. These figures way
kave to ba adjusted alightl;y because the mrthod of ohiadnilng the nuwdber of anpty
cars from gross tousuge sbows above glves only a rough sstimte. 6) Bultizly the
total aumber of cars iz the tmin by average leaglh por ocar to osotnln tetal lengih
ef cars. 7) Add to the totel length of cars the lesgis «f iccomstive and +endey,
and cabosss, If any.* §) Add to ihis mbout B0O feet for cloaysace o tha siding

(200 feet om each end of the twwim).

* For example, aspuse the following:

Gross txailing loed of locomoiive over the Lime, 1,200 toms.
Average tare welght of cars, 12 toms.

Average met loed per loaded car, 15 toms.
Awmﬁedm%wmlemmtmwmm, 20 pereent.
Average car lemgib, 30 fest.

Thes, using the metlcdology outlimen akove, the following calowlaticus ave made:

xﬁ-%:% 1,200 gross tms x 9% « 108 tume in ewpty cars.

%—m._‘___.. = 9 enpty care per tyadn
1,200 toms gress - 108 tens a 1,09 tome in loaded cars
1 tonn  « 4) loaded cave G empty ¢+ 41 londed « 50 cars per t-iia
igq-;g,s

50 cars x %0 foet .2,wom¢afmmmrmm{mlmaalmmtivemw@r}.

Itmmmmﬁgmwmmewmwmmmmmmm@;raoﬁ,

and could bo adjusted for greatex arturecy. Howsver, utilizing the 2,000 feed lomgth
of cars, and addimg about 10D feet of length for leconotive wnd tender s Pluz aboui 480
fort Tor lsagth of laad taacks ints sidings, atotﬁlaidiulumafamteysmfwt
is requirel. If sidimgs are lmowe 4o be limited to 1,700 fzet, or 800 feet ises than
the length whish the gross trailing loed of the locomotive would permit, them the
sidings ¢ould held 20 cara lsse, or approxisately 30 care. Im this izatames, about 24
sars would be losded, for w et losd of 360 tuns, and § wonld be empty. Addimg 360
lons tare weight for the 30 cers would glve a gross traim weight of 720 toms, o 480
tons less tham the 1,200 toms which the locomstive is capabls of pulling.

Approved For Release 2005/051135 €IA-RDP79T01149A000500160001-4
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3. Effect of 8 *

To stari & car from & stand-still mey requince up to thirty pounds
of drawhar pull per ton of wolght, or even more 1n extrewsly cold weather. How-
ever, total drewbar pull ou the train is not calculated by mltiplylng wotal
tzain tommage by this figure, sinee & traiw with autowmiic cem:a.ﬁrs sturte one
car at & tixe as the locomotive takes up slask. me-n.m 13 started, oaly about
three poumds of pull per ton, 1f the velight is carried in o hesvily icaded ear, or
something wore then thut for a ton in e car lightly londed, will keep 1t moviag
on styaight and level ixactk. In the United States speclifications of the Associa-
tien of Awericay Railpoade for dreft gear requive & miwimm of 150,000 pounds ia
tsuslile stremgth. In Buvepe, with predomimantly hook snd limls type coupling, the
standard dravier stresgth avereges from 130,0001 to 150,000 peunds. Thus the
W tractive effort of the locomotives could im no svest equal o exceed
this strength without iuo tzwin pertieg. Usder horwal opexatioms 11 is unlikely
that dravbay sirength will exceed by the tractive effort of the locomotive, since
a traiz heavy emough to approach the limite of drawbar sivength would mormally
be teo heavy for s lmemt;w to atart.

. Het Freight Truin Tospage
On & sational eeis, set frefight train loads aversge vetwens 36 awd 61
pereent of gross fyeipht ttm lced. Where meine Mmﬁtiem' is not wmt‘iezzw:ia’
on the types of cosmmolities deing moved oa an Miml lize, for & fully Mm

train w8t trein load may de assumed to average bediween 5% awd 60 pewcent of gross

il By arevber stresgtl ie mtmsmﬁwmmwmmaumw.

017-
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freight traim lced. However, vherever possible, an estimste should be m.dea‘ x:’i'.
the types and amounts of traffic vhick ¥il) move vwhen a lime is belng eoperated
" te its full capsbility so that a mere securate estimate of the vatic betweon net
end gross treim tonmage cam be made. The met train teumage cen then be caleulated
from groee traim lead by utilizﬁng figures derived fyom.  the mrthodnleogy
shown above (II. D. 2, Bffect of Lemgih of Sidimgs). Nrem this ealculation cam
b2 determined the nunmber of.luded cars pey train which cex be weved ia mc}g
direction uwder maximup traffic eonditions. Tae munber ¢f loasded cars per traim
is thez maltiplied by the zet load p2r leaded car te determise met lowd per traim.
The net load por 1@mmtw&eumeammem1$¢r the type of
commpditios baing earrisd.
The zet tonmages derdived sbove are beoed cn idenl wesnther coadlitions.
Fer winter oporatioms, however, reductiems im met texmage nhould be made as shown
in the tabulatien below, mean wonthly tempersture dats for a poiwt alemg the lime
should be utilized. The number ef months fmlling In esch tewperature block should
be multiplied by ithe percemtnge of reductien; the percenisges should be totaled;
and the total should be divided by 12 to obisin the aversge pﬁmmtw reduction
for the emtire year. This reduction way wot have teo be nede 1f sidlag and yard
traek lemgths reduce gross treim tonpege sigaificantly belusw the lavel which the
loconctives are able to pgrfoﬁ. These reduetions imelude the effects of caow and

ice oa locomotive and trainm operation, as vell as the offecis of tesperature.
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e e
Beduction in lecowotive Tommage in low Tewperatures
: Percegtage of Feduction
Tewperature in lLoeemotive Toumage Ratiag
° e
F c
Asove 30 Above ~ 1 0
29 te 20 -2% - T 10
19 te 10 -8t - 13 20
9t 0 -1 to - 18 30
=1 te-10 -19 to - 23 35
<l t9-20 24 te - 29 ko

{(Source: The Alaske Reilrced, Timeiable No. 47,12 Jume 1949, U).

ugaput Copability® of Termisel amd Yard

1. Freight Car Faecilities

a. Taroughput Capebility of Ysrdsi (Cla:ziﬂcstijoa, relay, and

(1) Methedelogy for Use Whem Thers is Suffieient Iatelligemce.
Whers the imtelligemee warrants the followimg appreach should be used:

(1) classification Yarde

{a) Determine the operating capaeity is terms of
the musber of freight cers thet caw oscupy the
elassificatior sections of the installation
{exeluding reseiving and dsparture yards, etc.);
i.e., the porecentage of trackege of thesc éeetim H
tbat ean be acoupied by cevs without lmpniring
the elassification funetion of the facllity-
Tois eapseity is caloulated by messurieg the
trackege in the classiffcation sestiors of the
yard, multiplying by & factar of .60 to .75 asd

% Througkput capebility of termiral and yard feeilities in represeated the
musker of locometives or cars vhiek can pass threugh the focility im 24 hsurs.

¥%  Pigures of "mumber of cers bendled” by o yard are ofter calculated by sddimg
cars reecived plus cars forwarded, thus givieg a figuve which iz twice the car
throughput of the yard. It is importani im cepability calculatics that throug: -
put avd pot ear hardlisgs be uged.
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dividing by tpe aveyage length of & freight car.
If the yard is of modermn denigm and i the i~
- stallation is egquipped with &epmré;ﬁm Jyerds &
facter of .75 should be uwsed. I0 the yexd is less
efficient, & lower Ifactor ehiruld be usad; but thia

fector ehould rever be less thas .60.

(v) Determime the daily classification copability ef
the clzssification sections of the yeri for all
directions served by the installatiom in terms of
nuzber of cars per day. This eaﬁ;hility can be
detezﬁmd by multiplying the operaling capeelity,
derived as shown above, by the followiag factors:
{1) A factor of Z %0 3 for a busp yerd. me‘

factor of 3 should be applied to yards kesowa
te bave a high cepacity axd/oy kucwa to have
equipuent thet should feeillitate high speed
clagsification {electric switckez, automatic
retarders ete.). Im other cases the factor
of 2 sghould be used.

(2) A fector of 1 to 2 for & flat or gravity
yard. The factor ef 2 should be used if the
yard iz kmewa to have & high cspnclty amd/or
knovn to have a layout that would facilitate
high capacity él;-mai:timtﬁt;m; i.2., eguipped
viih @ receiving yerd and other trackage thet
elloves movement of svitch erzginen amd groups
of cars engaged im clagsilication without
foulimg rurming trecke, loccmotive traek
leadouts, ladder traeks 2tc. Ia other cases
the factor of 1 should be used.

{2) Relay Yards

(o) Deiermine the opersting capselity im terus of the
nunker of ears ihat cum ocvupy the relay section

of the yard; i.e., the percentuge of the relay
- 20 -
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(»)

ik

yerd twatkage thei com be ououpled by oors withe
out iwpalrirg the velsy fumetlon of the focility.
Tals eapecity le calowidmed hy messuriag the
trackage in the relay nectilon of the yanrd,
mltiplying by & factor of .73 ead dlwiding the
result by the avemge length of a frelght cav.
Detexmise dhe dadly combliuned relay capability
for all diwecticnn of the zolay s2etlom of the
yerd., Teis capehility is determiued by saitiply.
ing the operating cepacity of e relay section
of the yard by & Tectoyr of 5.

{14) ¥ethodelogy for Use Ween Size of Seebloss s the Yayd

Cazmot e Detersivad. In casen where not sven a rough approximeties of the slze

of the werious seetlons of the yard cew be felerelized the felleovimg wethod omm

ke unsd o arrive ot & lege sccuraic ¢atimate.

(1}

Clessifieation ard Relwr Ibronghrut of e Jlssaificss
Sien Yord, im ALl Direstioms

(a)

(w)

(e)

Dotomdne the appronizate tmeckegs ef the entiye
installation.
Determine the operating capneity of the eniire
inegtallation by waltiplying the total trackage
of the imstallation by & facter of .60,
Detesmine the daily slnesifieatics amd ralay
eazability of the yerd by waldiplying the
operating capaeity ofthe inotzllatiez by the
follwwing fusters: »
{1} Mot wore than 2 for a besows uap or graviby
yord of high capecity.

{2) ALl other imsimllations a facter of wne.

(2} Belay Tyoughput of Pelay fards

{a) Determize 2he approkimte Hmckage of the E%‘E:hm‘

installstion.

- 2L -
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(b) Determime the operatimg capecity of the entire
imstalletion by multiplying the toisl trackage
in the imstallation by & fastor of .60.

{c) Determime the dnily relay cspaciiy of the yard
by mltiplyiné the operating capacity of the
yard by a factor of 5.

Toe copabilities as caleulsted above must be checked sgainet the ability of the
facility or cemplex of faeilities te offer eegines for traiss im all directicuns.

Notes: 1) 1Im the case of relay yards, locomotive servicing amd repair
capability mormally is the governming facior in determining
facility capebility.

2) Ia the imstance where o yard serves more thau cre lise, it is
pocessary to deduct from total yaxd threughput capability the
estimated essential traffie requirements of lines otk:;er than
the one updeoy comsideration. The remainder will then represent
the portiem of yurd capability whichk cem be deveted to the
lime im question. |

b, Capability af Cay Rumminmg Repair Foollities
Unlege there is specific isformatiom te the cemtraxy, it is
assumed that the capshility of cayr rummimg-repeir facilities equels the regquire-
mante fwmmiwmammehwummmueﬂwtmbywmtmgalmw
its full eapability, or that thelr capability will be increased to hamile these
roguirsmenta.
2. locowsetive Faellities
&. Stesm Locomstives
locomotive servicing and repeir which are performed at &

locomntive's bome tormimel withim or im the vicinlity of the roumdhouses or '
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incopotive aked are the following:® 1) Serviehg, peyforped each time = locomotive
returss from o run. Tuis ilmcludes clesning the fire, lubricetiom, coaling,
vatering, tukisg snad, snd turmisg. Servicisg takes placa outside the rousdbouse,
and mormmlly takes 2 hours. 2) Rusmisg repairs performed ¢m the rouedhouse, im-
elulling roundkouse imppeciion. These vepairs are performed vhile thé lecemotive
is 8till hot. The average time taken for such running repairs is about 4 heurs,
thus about 17 percent of a locomotive's time is epemt im this type of repsir if

8 lozemotive porforms owe turmsyoumd & dey. 3) Eoller weshimg. This is performed
when the bhoiler is eold, m ineludes repairs performed at this time. Boiler
wmehos nre performsd approrimatly every 30 days, and requive frem ose to three
days; hence an avernge of 7 percent of the locemotive's total t;m is spent in
beiler vaghing .‘ k) Hﬁﬁﬂm repaivs. These are periecdic repalrs occurring every

1 to 2.5 yeors, and vequiring fyom 15 to 25 dmys to perfoym. Thus, approximstely

5 poreent of the loccmotive's toltal time is spent in medium repaivs. MNedinm re-

" palrs pevemlly oecur in rousdbouses alihough some ave performed im locemotive

reyair plants; hemee, youmdbouse stalls would be cceupied fer aueh repolirs.
Vhea a locmtiﬁ gsexviclag and repair facility serves more

Thas ene line, 1t is necessary to deduct from the faeclility's capability the

estimtad ausber of locomotives requived fer emsentisl tyvaffic om lines other

thaez the lime uedey comsidemstion. The rouainder will then repregsent ¢he pevrtion

# In addition W sorvicing uad roundhouse repairs, locomotives avs given mjor
zepairs in locomstive yepair plents. These cocur every 3 to 5 years, and re-
quirs en average of 30 days; hemce about 2 pereent of the locemotives are cut
of oparation for such yepeirs at all times. Heavy repairs are imeluded in
factors used to deternive locomotive roguirements.

- 23 -
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of the faeility's capability whieh can be devoted to operating the lize in question.

(1) Capability of Locomotive Servicimg Area

The capability of & terminal o psrform locemotive

servicing may be estimeted roughly by: 1) cbtainimg the static eapscity of the
servicing area (the ccxbimed m'“ tracke im the avea vhers locosotives are
sexviced imeluding ash pit avea, resdy tracks, coalinmg, m@uﬁnﬂh«m
aress) and 2) multiplying vit by & turnover factor, based om the sversge time re-
quired to receive, nrncammpectnnﬁummuumrorm
repairs in the rrnmdham If speeific informatiea is lacking o the time roquired
for these oﬁntim iz either the installation wader study or the country im which
the imstallation 1s locsted, & factor of b mey be used, sinee servicing and
making rusnizg reyairs im the roundhouse takes an estimaved 6 bours which is eme
fmrﬁh of & day.

(11) Capability of locomotive Roundhouses awd Sheds

To dotermine the hewe roundhouss of locomotives cperating

un,limmhiﬁnlmﬁouﬁhmotmns:l‘pj:nmmbﬁeurm
the loemt;h%o sheds er roundhouses te which locomotives ere assigeed for boiler
vash. If specific intelligamce is lacking, it is possivle to determise that a
facility has this vespensibility if: (1) Intelligemece indieates that it is a
locomotive dspet or terminal eapable of medium repair is volums. (2) It is the
enly such terwimal im the ares, particularly if it is centrally lecated.

Capability of locomotive roumdiouses or sheds fer
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malntalning o pool of lesowotives may be determimed by using the following formula:

¥here:

IRHC

ILREC «

g

s Joctcactive roundheouse or shed cagability for mmintaining a

Posl of locomotives. Tuie figure represents the %otal sumber
of loeomotivee which can be svmormd; by the roundhoues, in-
elwding locomotives both om the lime smd in the youmdhouge at
any ome time.

mumber of stalls iz the roundhouse or shed.

pexcentage of loccmotives im youndbouse repair at eny ome time

. {exeluding heavy repalr in locomotive faetery), stated as o

decimml (30 percemt is stated as 0.30). Whem figures sre mot
available for the imdividual farility or tbe eourtry under con-
sideration, a Tigure of 30 poreeat may be used. This is based )
o the parceatage of a lecomoctive's time spent ia the round-
house, which is oqual to the percentage of the tolal locomo-
tive park whish ismmrmmwmatwmmw Thes
rexcontagen aye: rumaisg vepairvs, 17; boiler vashing, T;
mediun repairs, 53 tefml im roundbouse yepairs, 29.

The figure derived for LRHC abowe should be compared with locowotive veguirements

for the seohicm of lime served by the rousdhouse under consideration. The locemo-

tive requiresoats vhich are derived as indicated balow {Jeetiom III. B, Locomotives )

are glven as totel mq&imt: Zor the emtirve lime, awnd alse imeclude loconmotives

eut of cporation for heavy repairs is loscawtive repaiy fastories. To convert

these locomotive reguirements to a figure comparsble with LMHC sbove, the Pollovwiag

stepe are nocassery: 2) Substitute the length of locomotive distyriet For length

of lime im the formmla for ca.lcp.lntng locomotive requivesents in Sectionm IIY. B

below. This will zive locemotive regquiremonis for the lcoomotive district umder

-25 ~

Approved For Release : CIA-RDP79T01149A000500160001-4



Approved For Release 2005/05/16 : CIA-RDP79T01149A000500160001-4

mpegegaieiiniin—
comsiforation. b) Deduet 2 percent fyvom the resulting figure for locozctives im
hesvy repair shops.

If the compariscn of locemotive reguirements and roumd.-
houge eapabllity chows that requirements are alightly in excess of capability,
emergency weasures may eliminate the difference. A significant exesss of reguire-
mepts over capability, bovever, indicates that the rowndhouse would prevent full
line caprbility fyom being achisved, and line capability would have to ke reduced
to approximately the level which would be permitted by the roundhouse capability.

A check of the capability of roundhouses or locomotive

sheds may R e L g Fh SN R BB B39 198R000500160001-4

(1) Determire the mercoataze of locomotive casismed to
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(3)

(&)

(5)

(6)
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from line formula. Furthermorw, the persentage of

locomotives in beiler wash and modium vepalr is always |

a minority of the motive power, thus the error is

further reduced. Im edditlosn, vhen the fizsl cheek on

the motive power is completsd, any error im the ceti-
mate will show up and the figures can be resdjusted

(usually by oxly & locemotive or two) to have a

roalistic bulemce hetwesn loscwotbives assigeed to a

tersinal aed those im for boiler wesh and medium repair.

Multiply the factor im (1) by ths zusber of locomotives

in (2).

Determine the numbsr of stalls svailable for the mowmsl

rupning vepaivs of the lecomoiives using this terminel,

by subtracting the musber of stalls cccupied for medium
rapeixr and boiler wesh from the totel stalls awailsble
at this and all other lecomotive sheds. Tve nusber

of loccotives requiring running repairs in these

englne sheds can be detormined by a method aimilay to

that used for medium vepair wnd beller wash. Tom per-
esntag? of locomotiveas coniimually im yrunming repair ie
vefleetod in the percentage of time ench engine spends
in rumming repair sach yesar, as indiemted in matiomal
statistics, specilfic intelligemee regording the in-
stallation 1m questicn, or cosparable sintisties from
assther covmtey.

Daterwive the mumbsy of active locomotives that can be

supported by the rusaing repelir capability, raflected

in the mwber of stells available, by imversely
ayplying ihe percenteges meciicmed sbove. This mumbexr
of loccwotives imdicatea the number of englaes avallsabls
te support the treins im the "pipeline.”

Deductione must alse be made for yard locomoltives.

{a) ke inspsetion exd vepeir yete of these awgincs
varies frow the road wmgimes but slatisties on
these engizves cam b2 oviaized 1n the same mewmwer
o the date or the roed englinmes -
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(b) Tae muber of yerd cugimss assigoed to the
terminel wder study for bolley wesh axnd wedium
Feralyr car be detereined by exswining the area
mwmmmswfw;ww
paxds aad type sod size of railyoad operiiom
esrvied on; 1.¢., intencive industrial complew
traffic, light agricultural txmf?ie, ete.

{e) m;mm'czyudewm thet will be in the
tersinal wnder study for boiler wash, wedius and
rusning repalr can be detsrmimed by applying the
pereontages arrived al above to the park of yard
loccmotives .

(7) The resultant figuve 1s the capebility of the round-
house in terms of the mumber of roed locomotives which
can be offered daily by the rousdhouse. T.is Cigure
should be compared with capability of the line in traiss
each way por day wmultiplied by two. If the roumdhouse
eapebility figure 1s bolow the figure obiained by
mltiplying line cayebility by two, then lime copability
should be raduced to agxec with the former figure.

B Dieosl«Eleétﬂo 234 Bleetric Locemolives

8ines veory little servicing smd nmmimg repair is required of
éiml%lmtﬂa end slectric locomotives it is ssoumed, unless thore is evidence
to e costonzy in spmelfic cuees, that faeilities for these Wpes of locomotives
are sdoguale, or can be expanded relatively quiekly 'ta mtdmmu whieh would bo
Placed on them by locomotive requirements regulting from cpesnting a lime to fts
capability. Diegel-elsstric locomotives mq@ <ane to thrse hours for iaspectios;
repair, wmmmmmatmﬂmmmp; they are gewerally fueled omly
every third day. Eleetric loccmotives require a@t one bour f;sr idspection aud

servicing at the end of each rip.

.28 -
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ry_to Operale e Iine at Full

1. Capability Foymule

Determination of the totel sumber of freight cars necessary to

opomt@mlimatyitsfullupsbilitymyhomdthmqghthemotthetollm-

ing fozuula:

TEWFD =
CPTL -
b S z
BF =

CR = TEWFD x CPT x RIT x RF

car requivessnts for operating & line at its full capebility,
in musber of caxs.

ausber of freight traiss each way per day ss determined fyom
lipe capability. This figure represento pumber of tamins inm
one direction omly.

mumber of freight ecars por traim. HMethod of determining this
figore from gross train tommage capebility is sbown abeve
(Sections II. D. 1 and 2, Maximum Gross Freight Tomnage, end
Effect of Leagth of Sidimgs).

yound trip time, in days. Thuis is the averege time required
for a cor to mova Trom average point of origin to aversge
point of destimetion and retwrn, including loading and ve-
losding time. Caleulstion of NTT is shown belav (Section III.
A. 2, Round Trip Time).

repair factor which is imeluded to 2dd the meceseary numbor of
cars out of ogeratios for repeirs. It is ealeulated by adding
1.00 %o the pereentage out of operstioa for repairs (thus, if
5 percent, or‘..OS are cut of operation for repairs, the faator is
.05 glus 1.00, or 1.05). Om a maticmal basis, the perceniage
of mi@t eays ouﬁ of operatica for ropairs yemges upward :x'ém
2 peveent. {Durimg 1943 and 1044, the US railvoads had 2.7

pareent cut of cpeoration for repeirs). Sush a low figure cam
usually be sustaimed for a short period of time by deferring
saintcssnce, but must then gemerally imevease. (In 1946 amd 1947,
U.5. railvcads bed a figuve of 4.2 peresat).

-29 -
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When totel freight car requiremsnts bawve besn thus detexmined,
it muy Be pecessary to commre these requircusats with the total fraipght eax park
sveilable to the rallvoad system, to determine vhat pevsentage of the tetal freight
‘ear park weam be rogquired ?mr eperating et full capability the line or lines umder
study (an caleulnted im Section IIX. A, Freight Cars). In some cases, these
total reguiremsnts @iy be so hmﬁ as to prevemi ihe movement of euémim teatfic
o other limss. In that evemt, capability of lines uster comsideraticm might have
o ba redused to perali cssantial tmaffle wmovements o otber limes.

2. Round Tris Formals

Bourd trip tlee is the awrege time betwsen the departuresr of a
losded sayr frox its avernge poimt of origim asd the yeturm of this or as eguivalent
ear %o the aversge point of origin. This time is sot the sawe as turpereund time,

which is the sverege time firow ome loadimg of & car to its pext loading. Rousd

trip tiae is determined by the follewieg formula.

axm i
RF s ?é"a ""u’)

Wheve: NIT » round trip time, in days.

2 » Ffactor for obtaiming length of car trip in hoth dAirectiens.

Al =« avervge loaded heul of cers soving on the line umder conpideratien,
in the direction of the lomgost asd lazgest loaded khsvl, im miles.
Tais figure is dotermined by estimating the awmm peinis of

origin and destination of major commodities M&ci;atm(; in

thie wovenent awd caleulating weighted avorage haul. This in-
cludse local ear wovesmsnis on the line.

€8 o frofght car speed, in terms of avernge distance moved per day im
ailes, from point of exigin to poinmt of destinstion and viee

versn, ineluding 2ll intersadiate stops, bubt exeludisg losdiag

- m -
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apd usloading time and switchimg to and from loeding and unloading
points. Foy normal movements, the spred of movement may evevage
from 90 to 135 miles per day ar 3.8 t¢ 5.6 m.p.h. (1h to 216 kms.
per day or sbout 6 to 9 im/hr.). However, om lomg-haul th‘mg,hv
movements, vhich involve a minimua of reclassificatios emvoute,
msmawdmtmhmhigaueaﬁmlﬁpr .
day or 9.4 m.p.h. (360 kma. per day or sbout 15 km./br.).

IDT = average loading plus unlcsding time, in hours, including switching
%o sud from loading and unloading points. Usder capability operu-
ticks this factor wmy vary from U8 go 72 hours, total for leadinmg
plus unloading, dependiag om the type of commodity (bulk itema,
suth as coal sud graim czm be handled quickly), availability aed
skill of sanpover, and availsbility of mechanical unlomdinmg
faeilities.

24 s fastor to comvert hours to days. !

IF » losding facter to accoumt for edditional loading end umlosding
tiwe taken by those cars which move loeded ia both divections,
and therefore have two loadings and unlcadings instead of omly
one. This is determimed by calculating the ratic of cars which
move loaded 1a both directioms to the total loaded car movemsatl
on the line (cers moving loeded inm oaly cas dlrertion plus ears
moving loaded im both divestions) and edding 1.00. As sn exsmple.
if 500 cars moved loaded im beth divections aad 2000 moved loaded
nwmmumtmmwmwmmtmwm
2500, azd the ratio weuld be 500 divided by 2500 which is 20 per-
esut or .20. The loading facter used would, therefors, be 1.20
(.20 glus 1.00). If em u givea lime, all leoaded cers m moving
in ome direction emd al) rebhumming earn ave supty, the fnctor
would »e 1.00; ﬂallmtmmﬂldﬂia%ﬂndimﬁmm
factor would be 2.00.

B. tives
The wizker of locomotives secessary for opereting o lime at its full
eapability may be caleulated by use of the forwuls shown below. The effects of

-3l -
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winter weather coaditions on lecouotive requirenents aye raflected in the average
| ,
net train lond, which bss been yeduced for winter operaticas (Secticn II. D. &,

Net Preight Train Tonmage), and thus salances the imcreased difficulty of

operating leocomotives im winmter.
| @ = € M:Rz x DEF x LL x ) + sR

‘m: iR » locamotive requivements for operating the lime at ita
eapability, in mmber of locomotives.

TENPD = t¥eims esch way por day, as determired fyon the lime eapability.

2 e« factor for chtaiming totsl mmbder of tyains for ihe iwo direc-
tions combdinved.

o g s double heeding facter. Vbea sll tyaims bave only cme locomo-
tive esch, this factor will be 1.0, if all trains bave two
locomotives each, this factor will ke 2.C. |

47 » lemgth of the liue for which capability aad loeomotive require-
meats are being calculated im miles. To cbtaim e mors accurate
eotizate of losomotive requiremeats it is suggested that this
caleulation be made for each locomotive opermting &ivision,
and then totaling requiremsats for inmdividual operating divi-
sicas to cobtain requirememts for the emtire line.

AR c AVerage Yun pex operable rond locomotive pox day im miles.

If the aversge wilesgo per rcad loscmotive per duy (whieh im-
eindes 2ll lecometives, whether oyerable or mot) is avalleble,
then X' should beamitied frem the formmla. If data Por AR

are not available for the line under comsideration, matiomal
figures ean be used. However, vhen @ lime is belag operated
at its capability asd 18 hauling & waximum mumber of through
freight trains which oviginated and/or teruiuate om other lines,
the ratic of through traims to total traims will be greater
then the unatiowal average, asd thus the average alleage per
eparabls yoad locomotive per day way be sesswhat bigher.

-g-

—-
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Where data are mot avallable, it can be sssumed thal loccwmo-
| tives will operate 10 hours por day. This Piguxe, amaltiplied
by the aversgs traim specd en this line (es gives atove under
II. B. 1 for siagle twack lines, end in Ammex II, Paxt B for
doukle treck lines) will give aversge daily xum.

BF - ‘ repair factor. This is calewlated by wddieg 1.00 %o the vatie
of locomotives eut of opevaticn for vepeir (other than rumming
repairs) to total locomotive park. If sdequate data are mot
aveilable, the fellowiag ratics may be used: steam, 0.15;
diepel-glectyic, 0.02; §lectr£c, 0.0%. For exnmple if the
ratio is 0.15, then this added to 1.00 would give a xepalr
Betor of 1.15.

sLR s switeh locomotive mqmmw. " Thene ave caleulated by using
the following teble of requiremente:

Iocation Sriteh Esgpines Hequired
Hajor termisal with lesding, 1 por 50 cars dispeiehed per
. unloading and classification sy
- Puncticns
Interasiiate divisica termianls 1 por 150 cars passing through

{(winor classification) day (each diraction)

i

¥ 100 eays dispatehed
day

¥

Failbezd or waloading terminsl 1

¥

V. System Cepability

The torm "system capability” is intended to wren t‘he aapa.w'.uty of the mﬁm
ailroad syntem of m eountyry. Probably im every countyry jn the world the com-
bined capsbility of the imdividusl rollyead limes is considerably greater than the
total engabillity ofjtbe freight cax or locowotive parks. Therefore, vhile it may
b possidle to operaie certain lines at their capebility (scsstiues at the ex-
pense of normal tméﬁ.e o cther lines because such am operatlom weuld xequire
ahifting locemotives and freight cars to the lines being operated st cayability),

it ie impossible te opovats all limes &t capability cemsurrestly.

“33
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fixce the system capability of a countyry's rallronds is limited by oliher
the freight car park or the locamotive park, or both, ﬁgmmwmum
will pernit the caleulation of the cﬁpbility of these parke. To determine vhich
of the two perks is the wore limitimg faetor with respect to capabllity, thely
total eapebilities (uweuwd 1n terms of common measure) should be compared. To
doternine veetker operating a particular lime or lines at tbt;f.r capability will
place an innduissible burden on the Mi@t car or locomoiive paxks, the ye-
quiremnte for this a:pe;-nticn nbould be compared with total system capakility.
‘i’i‘w@ dght Bapge s aBdatiy 9T B sewr et ovilpomets L Gieiind b '
e Trrldt Cafanity w &Waﬁy bt thtel Tredghtrasl fuik may be ekpresssd
i five ways: &8 statiec capaeitfy; ‘+5oub’ ckpability im carloedings, toms origimated,
met ton-wiles, and gross tou-miles. To derive m eapability figures, 1t is best
to utilize dets for performence umder & lomg pericd of emergency. These data may

b3 for the ceuntry under ccnsideration or for compersbls seuniries.

-

1) Static @Egig
SsEs 0 hip is derdved By mtim the number of each tmw‘e&’ froight
ear by the a.wm capacity (in short toms or metric tems) of thattne of ear,
end totaling the resultant cajeeities. Tho weighted sverags uapaeity per froight
car cau them be cbiaimed by dividing statle cagacity by the total mumber of cars.
Tais figuve is useful primarily in calsulating the uﬂommw»t car-

lcad and average freight cax capeeity (im short toms or, meiric tams).

- -
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2) Capabi)ity in Teyms of Carlcadings
The following forwuls may be used for caleuleting ospebility in
tares of averags daily earleadings. To scmvert to smmual carlosdisgs, multiply

by 365 days.

ADC w CP - RC
- PAT

™ adenymluuap.

« total freight ear pavk.

average daily muder of fraight cars out of operstics for repeirs.
» freight sar tursaraumd time, im days. Mutblmﬁm
from con loading of & freight car to 1ts mext losding, imeluding
loading time, loedod haul, wnloadisg time, and empty haul (if
any), up to the bogluning of the mext loading. mma
saleulating turmarousd time, see below (Sectiom IV. A. 6,
Formala for Calsulating Freight Car Tursaround Tme).

gR8 g

3) pility ia of ted
mroumtmwumufwcmmm'upunwn
torme of averags dzily toss origimeted. To comvert to tone erigisated per yeer,

mltiply by 365 days.
m = c—’-ﬁ'!-ﬁuz TrC

" Where: DE0 = averege deily toms originated, in short tems (to ecmvert to
wetrie toms, mltiply by s fastor of 0.91).

CP » totel freight car park |

R average deily mmbexr of freight cars out of operatieca fer repaizs.

TAT = freight car twmerousd time, im days. Tois is the avernge time
m”muammm}uzumm,ﬁlm
loading time, londed heul, unlcadimg time, and ewpty houl (1f
exy), up to the begimaing of the mext losdisg. For wethod of
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caloulating turnaroumd time, see balow (Secﬁm . A. 5,
Formula for Caleulating Freight Cax Turnaround Time).
TEC » average net load per loaded car, ia short toms.

4)  Capability in Tevms of Net Tos-Miles
Net tom~miles are derived by nlltiplyin‘ tonmage of freight originated
by the average distance the fyeight is moved. Net tem-miles per day may be caleu-
Jeted by using either of the following formulas. To obtain net tnnun:lles or year,
-’nltip]y’thi.. figure by 365 days.

FDM = ADC x TPC x ALH
FM o DIO x AIA

Where: HTM » average daily met tom-miles per day, in chort tem-miles ( te
comvert to mstric ton-kilomwters, multiply this figure by a
factor of 1.46).
ADC » average da.u: earloedings .
TC o« sversge net load per loaded car, in short ums.
ALH : aversge lemgth of loaded heul of the freight car, in miles.
IO = average daily toms origimated, im sbort toms.

5) Copsbility im Torms of Gress Tom-Mles
Gross ton-wiles are derived by adding the weight of the freight to
the weight of the freight car and multiplyimg the total by the average mm‘
moved by the freight, and adding this product to the weight of freight cars movimg
mmtiyueamymawmmomwmm, hoﬁmm
ton-miles per year, multiply this figure by 365 W-o.
oM (m:[m+m]xm)+(m:;iwxm)

Whers: G = average daily groas tom-miles, iz short tom-miles (to comvert to
wtric ton-kilomoters, multiply this figure by a factor of 1.h6).
ADC » aversge daily earlosdiags.

- % -
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6)

around time:

e

smmtmmrwm,umm.

average tave (emply) weight of the cer, im short toms.

average length of losded haul of the freight car (mormslly ealled
"average lesgth of haul"), ia miles.

averege nusber of empty cars movismg per day. This way be caleu-
hw'wmummmwmnuccfmwlwdmm
wiles. This ratio ramges from 35 to 55 yercent.
unmgeluﬁhetalptyhaulotmuhtmhemMm-
mets, in miles. m::ywhecalauhted'bymntmﬂabyﬂm>
ratic of empty te losded car miles. This retio resgee from 35 to
55 pexcent (derived from the faet that the ratio of loaded to
total car miles is 63 to 74 percemt).

Formula for Calcula.t__igg Freipht Car Tursazound Time

The followviag formuls my be used for calevlating fywight car turm-

| AN +ARE |, L
m T of W

Znimteartummndm,ilhxn. This ls the avernge time
memwnmtmhihmm, imcluding
londing time, lcaded haul, unlosding time, aud ewpty haul (if eay),
up to the begianiang of the mext lcading.
mmmamuloxmnmmtm,umm-.

average mmmtor freight cars, betwesn loaded movensats,
in miles.
smngefmiﬂntmmd,iaﬂmcfawdht&uzmvﬁm
day, im miles, from point of loading te poiat of mext losding, ia-
eluding all imtermsdiate stops, but exeluding loading aud unloading
mmmmummmmmm, For
mlmu,mwdmtwwmmmlaﬁ

‘miles per day, or 3.8 to0 5.6 m.p.h. (144 to 216 km. yor day or

about 6 to 9 im./ur.). However, en long-haul through movements,
vhieh imvolve & minimm of reclassificntion enrcute, the aversge

-37 -
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speed of wovement way be as high as 225 miles por day, or 7.4
w.p.h. (360 km. por day, or about 15 km./hr.).

LUT = average lceding plus unlondimg time, im hours, imeiuding
switehing to and from loading asd unloading peints. Usder
capsdility operations this factor msy vary from U8 to 72 baurs

(total for losding plus unleading), depouding cm the type of
comnodity (bulk itess, such as cosl amd graim, can be bamdlel
quickly), availability and skill of mampower, and availabiliiy
of wechaaieal uelomding facilities.

B. Looswotives

Total eapability of the loecmotive park may be expressed in terms of
total Wtiu effort, rut.tm-ulu, gross toa-alles, and gress and met tcavage
yor tredn. Ia‘mlrmg a locemctive sapability estimte it 1s best te utilize dats
of pexformauee under a long period of ewsrgescy. These data may be for the country
under consideration or for & compavable camiry.

mmmmmmwtmmmwoeruwm
it is zecessary to utilize koth freight and jassenmgexr locomotives. Utilization of
all passenger loocmotives for moviag freight trains, however, would climimate sll
mscenger tyaffis, In add.iti&i, the operating sharacteristies of pssssnger loco-
mtiver are swh that they would pull relatively short freight tyains which would
reduss u.w uel teamage por Treight m

1) Total Tractive Effort

This figure ia'em‘out in terms of pounds of total trmetive effoxt,

and way be obtalmed by totaling the mcﬁwotfoﬂ;nwall individual locomotives.
In mking cupabllity estimates it 15_ mm ‘o caleulate the weighted average

traetive effort of locomotives for cayability operation on an individusl lise.
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2) Capebility in Terus of Net Ton-Miles

Capability of road losowotives (this exeludes switch loccmotives) iz

terns of met toa-miles yer day may be caleulated by using the following formuls.

To convert to anmual eapebility multiply this figure by 365 days.

HIPT »
7.

¥ « {LP - RL) x DHF z NTPT x LR

aversge daily net tom-miles ie shori ton-miles (s ecomvert to
wetrie ton-kilometers multiply this figuxe by & factor of 1.46).
total pusber of road locomotives, exeluilng switeh losowmotives.
avorage daily susber of locomotives out of operatica for yepaire.
double-heading factor, the ratio of double-beaded trains t totaliee’:
If all treins are pulled by omly ome luecwotive eash, this factor
is 1.0; if 2)) traims are pulled by two locomotives each, this
factor 13 2.0. '

aet tomnege per freight trein; in shoyt toms.

average daily mun per opermble loccmotivs, in wzilm;

3) Cepability in Terme of Gross Tom-lilles

Carability of road loccmotives in texms of gross ton-miles pexr day

my be calenlated

by use of the fellowing formuls. To eowveri to amsual sayebility,

mltiply this figure by 365 deys.

Where: CIH =

O™ o« {(LP -RL) x IHF x OFPT x IR

avernge deily groas tew-wiles, im short tom-miles (to comvert
to motric toa-kilometerz, multlply this figuve by o factor of
L 1.46), _

gross tompage per Treight tainm (weight of cays and fhelr con-
tents), in sbort toms.

411 other slozents of the forsuls sre the seme s for met ton-
miles capability.

b) Capability is Torms of Gross snd Net 'Treds Tonnage

This figure my be cbtained by vsing the formila shews above
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{Seetiom II. D. 1, Maximmm Gross Freight Trains Tommage), and imserting imtc this
faresdis the sverage ruling grsde for the country under e@iﬁuaﬂm, wnd the
seighted average locomotive tractive effort. The resuliant figure of weximus
average gross fyeight train tomnage can be converted imto met tonnage per freight

train by uiiliziag the sational aversge watio of net to gross tomsage per train.
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